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METHOD FOR CONTROLLING AN ELEVATOR GROUP 

The present invention relates to an elevator group 
control method for the allocation of landing calls to 
5 elevator cars in a manner aiming to provide a set pas- 
senger service level. 

Among the many different tasks of an elevator control 
system, its basic function is allocation of landing 

10 calls. The aim in call allocation is to assign the 
calls to elevator cars in a manner that will optimize 
a characteristic descriptive of the system. Tradition- 
ally, the most commonly used characteristics are asso- 
ciated with call times and passenger waiting times. In 

15 typical solutions, averages and distributions are cal- 
culated from these characteristics. 

There are various methods for the allocation of land- 
ing calls, and each elevator company has its own meth- 

20 ods for implementing this task. However, a feature 
common to all these different methods is that they in- 
clude a number of parameters that are characteristic 
of each method, these parameters being used to influ- 
ence the operation of the method employed. It is pos- 

25 sible to use an arrangement whereby in different traf- 
fic situations a parameter set appropriate for the 
situation is applied. The objective here is to enable 
the system to adapt to the prevailing traffic situa- 
tion in the building. 

30 

In a prior-art control system, a traffic detector 
monitors the operation and state of the elevator sys- 
tem and determines the prevailing traffic type and in- 
tensity. The things to be monitored are typically 
35 landing calls, car calls, elevator loads etc. Depend- 
ing on the traffic type detected, a parameter set tai- 
lored for this traffic type is applied. For example, a 
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parameter set used during outward peak traffic may 
give a higher weighting to landing calls for a travel- 
ing direction towards entrance floors than to calls 
issued from entrance floors. In peak hours, more 
weight may be given to the travel time of the passen- 
ger in the elevator car. When the aim is to minimize 
two or more quantities at the same time, the procedure 
adopted is called multi-goal optimization. 

A problem in the above-described method is the diffi- 
culty of defining the practical values of the parame- 
ter set corresponding to each traffic situation, said 
parameter sets being stored in a parameter bank. These 
parameters are sensitive to factors like building 
type, number of floors, distribution of passengers be- 
tween different floors in the building, number of- ele- 
vators in an elevator group and properties of the ele- 
vators. Moreover, the actual traffic in the building 
is changeable, the population distribution is not sta- 
tionary in the long term, and the operation of traffic 
detectors is susceptible to inaccuracy, detection er- 
rors and detection delays. 

In practice, the parameter sets in the parameter bank 
have to be assigned compromised values that function 
reasonably in most deliveries without individual set- 
tings. These parameter values can be set e.g. on the 
basis of simulation operation or on the basis of ex- 
pert experience. It is obvious that average parameter 
values like these will not result in optimal operation 
in the case of each building and elevator group. 

Another problem with changing the parameter set on the 
basis of traffic type is the selection of the quanti- 
ties to be weighted and the evaluation of the weight- 
ings. Numerous quantities to be optimized can be 
found, such as call time, estimated passenger waiting 
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time, riding time travel time, number of stops, car 
load, number of simultaneous car and landing calls, 
and so on. Which ones of these quantities should be 
weighted and how much in each traffic situation? If 
5 the quantities and weightings are selected and fixed 
beforehand, then this is an advance selection made by 
the designer, which is not necessarily in keeping with 
the needs of the owner of the building. On the other 
hand, if the quantities to be optimized are not to be 

10 fixed beforehand, a possible approach is to allow some 
freedom to the operating personnel of the building and 
let them decide themselves about the weightings in 
different traffic situations. However, due to the ad- 
justments and the complexity of the matter as a whole, 

15 this is not a reasonable alternative. 

The object of the present invention is to eliminate 
some of the above-mentioned drawbacks. A specific ob- 
ject of the invention is to disclose a new type of 
20 method for controlling an elevator group in which it 
is possible to optimize two goals contrary to each 
other and obtain an optimal result on the whole, de- 
pending in each case on how these contrary goals are 
weighted in relation to each other. 

25 

As for the features characteristic of the invention, 
reference is made to the claims. 

In the elevator group control method of the invention, 
30 to allocate landing calls, a target value is assigned 
to a given service time of the elevator group. Landing 
calls are then so allocated that the assigned target 
value of service time is achieved on the average, the 
energy consumption of the elevator group being thus 
3 5 reduced. The quantity used as service time may be e.g. 
the call time, passenger waiting time, travel time or 
riding time. 
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In other words, in the method of the invention, two 
non-commensurable quantities contrary to each other, 
i.e. time and energy consumption, are optimized. In 
5 the method of the invention, in order to render these 
quantities commensurable and mutually comparable, the 
routes R of the elevators are preferably so chosen 
that the cost term 

10 J=W T - T N (R)+W E • E N (R) (1) 

is minimized. T N (R) is a normalized sum of call times 
for route alternative R, and correspondingly E N (R) is 
a normalized energy consumption associated with route 
15 alternative R. W T ja W E are weighting coefficients of 
the above-mentioned cost term, so that 

0 < W T < 1 ja W E = 1-W T . (2) 

20 The individual waiting times are exponentially dis- 
tributed, but their sum T(R) approximately follows the 
normal distribution, which means that they permit the 
application of normalization T N (R) = (T (R) -JlLt) /a T . Simi- 
larly for the energy term E N (R) = (E (R) -(Ae) /<Je • The ex- 

2 5 pectation values \i and average distributions a are the 

characteristic numbers of the entire set of targets, 
i.e. of the route alternatives applicable in the cur- 
rent call situation. In practice, because the number 
of route alternatives grows exponentially with the 

3 0 number of active landing calls, it is necessary to 

make do with sample quantities: instead of an expecta- 
tion value, sample averages T and E are used, and in- 
stead of a standard deviation, sample standard devia- 
tions S T and S E are used. This yields T N = (T (R) - 
35 r*{R)/S T (R) and E N (R) (E(R)- £(R))/S E {R), where R is 
a number of stochastically generated route alterna- 
tives that is sufficient to produce reliable estima- 
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tors for (Li and a. After normalization, both optimiza- 
tion goals show approximately the distribution N(0,1), 
and thus they can be summed without problems. 

5 When landing calls are allocated~ in this way, two ex- 
treme points can be observed in the operation of the 
system, i.e. a situation where W T =1 and W E =0, and a 
situation where W T =0 and W E =1. In the first situation, 
the optimization process finds elevator routes such 
10 that the total waiting time for the calls is as short 
as possible. In the second situation, the optimization 
process devises the routes so as to minimize the en- 
ergy consumption of the elevators. Fig. 1 illustrates 
these situations. 

15 

In Fig. 1, the horizontal axis represents relative 
traffic intensity in comparison with the theoretical 
transportation capacity of the elevator group. The 
traffic type is purely outgoing traffic. It can be 

20 seen from the curves that waiting time optimization 
and energy consumption optimization are goals contrary 
to each other: when only one of the goals is opti- 
mized, the other goal suffers. For different traffic 
types, the forms and absolute values of the curves 

25 differ from each other, but the basic nature of the 
operation remains the same. 

Fig. 1 illustrates the two extremities in the opera- 
tion of the system. It is obvious that is possible to 

3 0 move steplessly between these extremities by selecting 
weighting coefficients W T and W E in accordance with 
formula 2. The available operating range is limited to 
the area between the two curves, in respect of both 
waiting times and energy consumption. As an example, 

35 the operating range available at the point of 60% in- 
tensity is indicated by arrows in Fig. 1. In princi- 
ple, it is possible to draw for any arbitrarily chosen 
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traffic type and intensity a separate characteristic 
curve describing a stepless transition of the system 
from pure energy optimization to pure waiting time op- 
timization . 

5 

Although there are now only two quantities to be opti- 
mized and it is possible to move steplessly from pure 
waiting time optimization to pure energy consumption 
optimization by altering the respective weighting co- 
10 efficients, there remains the difficult question of 
how to determine the weighting coefficients W T and W E . 
On what grounds should the weighting coefficients for 
a given detected traffic type be set so as to suit 
this particular building? 

15 

The problem with arbitrarily set weighting coeffi- 
cients is that there is no higher-level goal that 
should be aimed at; instead, there are only a number 
of more or less detached quantities to be optimized. 

20 In the method of the invention, the starting point is 
to aim at allocating landing calls in such manner that 
a given average passenger service time, such as e.g. 
waiting time, remains at a certain level regardless of 
the traffic situation and intensity. Included in Fig. 

25 1 are curves describing a situation where the average 
passenger waiting time is defined as 20 seconds. 

By choosing coefficients W T and We that are suited to 
the prevailing traffic situation, it is possible to 

3 0 reach a set goal regarding waiting time and at the 
same time to save energy needed for the transportation 
of passengers. Both curves in Fig. 1 show clearly that 
the target time can be maintained up to an almost 100- 
% traffic intensity while the energy required for pas- 

3 5 senger transportation is reduced. This reduction is 
significant at traffic intensity levels below 60%. As 
the traffic intensity increases, eventually a point is 
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reached where the set goal cannot be reached even via 
pure waiting time optimization. 

We have thus found a connecting principle whereby the 
5 more or less detached quantities to be optimized can 
be harnessed to reach a higher- level goal, i.e. aver- 
age waiting time. However, there still remains the 
problem of how to determine the practical values of W T 
and W E in different traffic situations. 

10 

In the method of the invention, preferably the detec- 
tion of traffic and the parameter sets associated with 
it are effectively eliminated by means known in* con- 
trol engineering. In control engineering, the aim is 
15 to control a process so that the controlled quantity 
remains at its target value as closely as possible. 
The idea is to compare the controlled quantity to a 
set value and to form from the error between these a 
control signal by means of which the operation of the 

2 0 system can be directed appropriately so that the error 

between the set value and the controlled quantity is 
eliminated. 

Fig. 2 illustrates a controlled process adapted to the 
25 allocation of landing calls in an elevator group 
whereby, according to the invention, separate traffic 
detection is eliminated and the system is rendered im- 
mune to both changes in the process itself and to ex- 
ternal factors. This naturally applies only within the 

3 0 limits in which the process is able to reach the set 

goal . 

In the passenger transportation process, the quantity 
to be controlled is preferably the average waiting 
35 time of passengers traveling in the system. Measure- 
ments of this quantity are obtained via the landing 
call buttons. A call is activated when a passenger 
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having entered the system issues a call, and it is de- 
activated when the elevator to which it has been allo- 
cated starts decelerating to stop at the destination 
floor, thereby resetting the call* The individual 
5 waiting times thus realized are compared to a set tar- 
get time. 

Since this measurement contains a lot of noise, in 
other words, the realized individual call times vary 

10 from zero to values as high as over 90 seconds, of the 
three possible PID controller blocks only the inte- 
grating block is used. The integrating block drives 
the average error to zero. In the method of the inven- 
tion, it is necessary to select an integration time 

15 constant long enough to ensure that an individual 
noisy measurement cannot have too strong an effect on 
the control signal u but still short enough to ensure 
that the system will react to changes occurring in the 
traffic type and intensity. 

20 

The control signal u obtained from the integrating 
controller is converted into a waiting time optimiza- 
tion coefficient W T in accordance with formula 2 . The 
integral of the error e drives the process along its 

25 characteristic curve to a point at which the error e 
becomes zero. For example, if the average of realized 
call times tends to lag behind the target, which means 
that the system serves too well e.g. in consequence of 
a low traffic intensity, then the error e grows in the 

30 positive direction. As a result of this, weighting co- 
efficient W T increases while W E decreases, so the char- 
acteristic curve for waiting time develops towards 
longer waiting times, in other words, the importance 
of energy consumption in the selection of route alter- 

3 5 natives is increasing while the importance of waiting 
times is decreasing. 
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Fig. 3 shows how the weighting coefficients automati- 
cally assume values at which the long-term average of 
actual waiting times corresponds to the target value. 
In Fig. 3, the weighting coefficients assume a value 
5 in the right range during the first 40 calls. After 
this, the controller is able to keep the long-term av- 
erage of waiting times relatively accurately at the 
target value. Examining the calls no. 40-180 served 
after this stabilization point, the average of the re- 

10 spective waiting times is found to be 20. By contrast, 
since the waiting time measurement is very noisy, 
short-term local traffic variations cannot be avoided. 
This is not the final aim, either, but the aim is to 
bring the long-term average of the service to the set 

15 level, and this aim is thus clearly realized. 

By using the method of the invention for controlling 
an elevator group, it is possible to achieve an energy 
saving of 30-40 % when the controlled target time is 
20 20 seconds. Thus, the elevator group control method of 
the invention brings very significant savings in en- 
ergy consumption without substantially impairing the 
service level of the elevator group as a whole. 

25 The unexpectedly large energy saving achieved by the 
method of the invention is based on the following 
facts discovered in the invention. An elevator group 
is designed to answer to the transportation needs in 
peak traffic conditions in the building and to provide 

3 0 an acceptable service level during hours of peak traf- 
fic. In other traffic conditions, traditional elevator 
group control produces excess capacity in the sense 
that passengers are still served as efficiently as 
possible. This leads to very short waiting times and a 

35 high energy consumption. If a lower service level re- 
quirement is applied during hours of lighter traffic, 
i.e. if services are not always provided as quickly as 
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possible, this excess capacity can be converted into a 
saving in energy consumption. 

The ultimate reason for the energy saving achieved by 
5 the method of the invention is "the unsymmetrical na- 
ture of elevator movements. The elevator is designed 
in such a way that the car and counterweight are in 
balance when the car is carrying a half- load. In prac- 
tical passenger traffic, the car load only seldom has 
10 a weight that balances the elevator, i.e. generally 
the elevator is lighter to move in one direction than 
in the other direction, in other words, moving the 
elevator in one direction requires less energy * than 
moving it in the other direction. 

15 

During light traffic periods, the car generally moves 
with a very small load, in other words, the car and 
counterweight are far from a balanced state. Now that 
the method of the invention provides relief of the re- 

20 quirement that the passenger should always be picked 
up as quickly as possible, the routes of the elevators 
in the building can be so designed and arranged that 
the elevators are moved by routes as advantageous as 
possible in respect of energy consumption, yet with an 

25 aim to achieve the set target time. 

By the method of the invention, the entire elevator 
group can be brought under complete control . By the 
method of the invention, it is possible to specify a 

30 service level that the elevator system will produce 
for passengers regardless of the traffic situation and 
to convert the excess capacity of the elevator group 
and its control system into an energy saving during 
periods of lighter traffic. By control engineering 

35 means, the method can be implemented as a closed loop 
that eliminates the effects of both internal and ex- 
ternal factors and stabilizes the service level of the 
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system. Thus, in the method of the invention, the 
service level can be defined simply by defining a de- 
sired average service time, such as waiting time. 

5 As the target to be set in the method of the invention 
is of a sufficiently general nature and is reasonable 
and easy to understand, it is possible to make a sim- 
ple user interface for it and even to allow the target 
waiting time to be set by the personnel of the build- 
10 ing. For the target time, it is also possible to pre- 
pare a user-programmable calendar, allowing different 
service levels to be set for different days of the 
week and times of the day. 

15 
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